Of eleven substituted phenoxyacetic acids tested, only three (2,4-dichloro-, 4-chloro-2-methyl-and 2-methylphenoxyacetic acid) served as growth substrates for Alcaligenes eutrophus JMP 134. Whereas only one enzyme seems to be responsible for the initial cleavage of the ether bond, there was evidence for the presence of three different phenol hydroxylases in this strain. 3,5-Dichlorocatechol and 5-chloro-3-methylcatechol, metabolites of the degradation of 2,4-dichlorophenoxyacetic acid and 4-chloro-2-methylphenoxyacetic acid, respectively, were exclusively metabolized via the ortho-cleavage pathway. 2-Methylphenoxyacetic acid-grown cells showed simultaneous induction of meta-and ortho-cleavage enzymes. Two catechol 1,2-dioxygenases responsible for ortho-cleavage of the intermediate catechols were partially purified and characterized. One of these enzymes converted 3,5-dichlorocatechol considerably faster than catechol or 3-chlorocatechol. A new enzyme for the cycloisomerisation of muconates was found, which exhibited high activity against the ring-cleavage products of 3,5-dichlorocatechol and 4-chlorocatechol, but low activities against 2-chloromuconate and muconate.
The bacterial degradation of 2,4-dichlorophenoxyacetic acid (2,4-D) and 4-chloro-2-methylphenoxyacetic acid (MCPA) has been investigated by various research groups. In general, the metabolism is initiated by cleavage of the ether bond (Loos et al. 1967; Evans et al. 1971b; Gamar and Gaunt 1971) followed by orthohydroxylation of the phenolic product to produce a catechol (Bollag et al. 1968 a; Beadle and Smith 1982) . Variations of this pathway have been reported. Evans et al. (1971 b) and Gaunt and Evans (1971 a) postulated in addition an aerobic reductive elimination of chloride. An initial hydroxylation of 4-chlorophenoxyacetic acid to give 4-chloro-2-hydroxyphenoxyacetic acid was shown by Evans et al.
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Non-standard abbreviations: MCPA, 4-chloro-2-methylphenoxyacetic acid; 2MPA, 2-methylphenoxyacetic acid; PA, phenoxyacetic acid (1971 a) . Also 2,4-D was converted partially to 2,4-dichloro-6-hydroxyphenoxyacetic acid by Pseudomonas NCIB 9340 (Evans et al. 1971 b) .
Among bacterial species known to degrade 2,4-D, Alcaligenes eutrophus JMP 134 is one of the best characterized organisms concerning genetic aspects. Genes encoding enzymes for the degradation of 2,4-D by JMP 134 have been localized on a plasmid, pJP4 Streber et al. 1987 ) and evidence has been given for a pathway which includes 2,4-dichlorophenol and 3,5-dichlorocatechol as intermediates . Further, Liu and Chapman (1984) described the purification of a pJP4-encoded chlorophenol hydroxylase, which formed 3,5-dichlorocatechol from 2,4-dichlorophenol. Don and Pemberton (1981) reported that after transfer of pJP4 to different recipient strains, these strains aquired the ability to degrade 2,4-D. Simultaneously, the ability to mineralize MCPA has been transferred in these experiments. In contrast Friedrich et al. (1983) described transconjugants which were able to degrade 2,4-D but not MCPA. Therefore it is still inconclusive whether the same or similar enzymes are involved in the catabolism of the structurally analogous substrates 2,4-D and MCPA. Streber et al. (1987) assumed a chromosomally encoded recta-cleavage pathway for phenol degradation by strain JMP 134. Remarkably, only ortho-cleavage mechanisms were discussed as key activities for the assimilation of chlorosubstituted catechols in 2,4-D and MCPA-pathways Gaunt and Evans 1971a, b; Evans et al. 1971b; Kilpi et al. 1983; Don et al. 1985) . Since 2,3-dioxygenation of chlorosubstituted catechols was shown to generate either suicide (Bartels et al. 1984) or dead-end products (Schacht, unpublished data), it would appear that the meta-cleavage pathway for the degradation of chloroaromatics including 2,4-D or MCPA may be unproductive or even counterproductive.
Generally, nonhalogenated methylsubstituted aromatics are degraded via meta-cleavage pathways Murray et al. 1972; Dagley 1978) . Only few microorganisms are known to be able to degrade methylcatechols via modified ortho-cleavage pathways (Miller 1981; Powlowski and Dagley 1985; Pieper et al. 1985) , among them being strain JMP 134 which is able to degrade 4-methylcatechol via ortho-cleavage (Pieper et al. 1985) . Because degradation of methyl-and chlorosubstituted aromatic compounds appears to be incompatible in a single bacterial strain Latorre et al. 1984; Rubio et al. 1986) , in the present paper special attention is given to the mode of ring-cleavage during growth of Alealigenes eutrophus JMP 134 on 2,4-D, MCPA and 2-methylphenoxyacetic acid (2MPA).
Materials and methods

Organisms
Alcaligenes eutrophus JMP 134 was isolated on the basis of being able to grow with 2,4-dichlorophenoxyacetic acid (2,4-D) as sole source of carbon and energy (Don and Pemberton 1981) .
Culture conditions
For growth in liquid culture, the mineral medium as described by Dorn et al. (1974) contained 5 mM of the respective substrate.
Cells were grown in 100, 1000 or 3000 ml fluted Erlenmeyer flasks containing 10, 100 or 500 ml of medium, respectively. The flasks were incubated at 30 ~ C on a rotary shaker at 150 rpm and growth was monitored photometrically by measuring the turbidity at 546 nm. Solid media were prepared by the addition of 1.5% (wt/vol) agar No. 1 (Oxoid) to the mineral medium. The concentration of the carbon source in agar plates was 2 mM. Stock cultures were maintained on 2,4-D-containing agar plates.
Preparation of cell extracts
Cells were harvested during late exponential growth phase and suspended in phosphate-acetone buffer (100mM, pH 7.5) (Nozaki 1970) for catechol 2,3-dioxygenase (C230) and 2-hydroxy-6-oxohexa-2,4-dienoate hydrolase (2-hydroxymuconic semialdehyde hydrolase, HMSH) and in Tris, hydrochloride buffer (100mM, pH 7.5) (Dorn and Knackmuss 1978a ) for the other enzymes tested. The cell suspension were disrupted using a French-press (Aminco, Silver Spring, MD, USA) and the cell debris was removed by centrifugation at 100,000 x g for I h at 4 ~ C. Cell extracts were used the same day.
Enzyme assays
Catechol 2, 3 -dioxygenase (C230, EC 1.13.11.2) was assayed by the method of Nozaki (1970) . Catechol 1,2-dioxygenase (C 120, EC 1.13.11.1) activity was measured by the procedure of Dorn and Knackmuss (1978 a, b) . Extinction coefficients were those reported by Dorn and Knackmuss (1978b) . If C230 was simultaneously induced, this enzyme was inactivated by treating the extract with H202 (0.01%) for 10 min before adding the test substrate (Nakazawa and Yokota 1973) . 2-Hydroxymuconic semialdehyde hydrolase (HMSH) was asssayed as described by Williams and Murray (1974) . cis,cis-Muconate cycloisomerase (EC 5.5.1.1) was assayed by the method of using cis,cis-muconate and 2-chloro-cis,cis-muconate as substrates. Further substrates were prepared in situ by incubation of 4-chlorocatechol and 3,5-dichlorocatechol with partially purified catechol 1,2-dioxygenase of the type II, which was free of any cycloisomerase activity. Cell extract was added after total conversion of the respective catechol. 4-Carboxymethylenebut-2-en-4-olide hydrolase was measured by the method of modified by Schl6mann (unpublished data) using histidinehydrochloride buffer. 4-Carboxymethylbut-3-en-4-olide hydrolase was assayed as described by Ornston (1966) . For the assay of maleylacetate reductase, the method described by Gaal and Neujahr (1980) was modified by using Tris-hydrochloride buffer and NADH. Specific activities are expressed as micromoles of substrate converted or product formed per minute per gram protein at 25 ~ C. Protein was determined by the Bradford procedure (Bradford 1976) .
Activities with whole cells
For measuring 2,4-D monooxygenase activity freshly harvested cells were resuspended in 50 mM phosphate buffer (pit 7.5) to an optical density of about 5 and incubated with the respective substrate (2 mM) on a watherbath shaker at 30 ~ C. Substrate concentrations during incubation were measured by high pressure liquid chromatography (HPLC).
For assaying phenol hydrox~clase, the rate of oxygen uptake was measured polarographically by use of a Clarktype oxygen electrode. Freshly harvested cells were washed and resuspended in 50 mM phosphate buffer (pH 7.5) to an optical density of about 30. Of this suspension, 100 ~tl were added to 2.8 ml phosphate buffer (50 mM, pH 7.5) saturated with air. After 5 min of constant endogenous oxygen uptake, the reaction was started by adding the assay substrate to a final concentration of 0.1 mM. Uptake rates were determined at 25~ with initial time course rates and corrected for endogenous 02 uptake. Activities are expressed as micromoles of 02 uptake per minute per gram protein. This rate is a total activity of phenol hydroxylases and catechol dioxygenases. Because no accumulation of catechols was found, the activity of phenol hydroxylases must be rate limiting. To make the measured activities comparable with other enzyme activities, they were therefore divided by two. The protein concentration of whole cells was determined according to Schmidt et al. (1963) .
Analysis of kinetic data
The initial-velocities data were examined graphically in double reciprocal plots. Michaelis constants (Km) were calculated by the method of Lineweaver and Burk (1934) .
DEAE cellulose chromatography
Cell extract was applied to the top of a DEAE cellulose column (~ 1.5 cmx 30 cm) which was equilibrated with Tris-hydrochloride buffer (20mM, pH 8.0, containing 0.1 mM NaC1). The column was washed with the same buffer at a flow rate of about 20 ml/h. A linear gradient 0.1 -0.35 M NaC1 in Tris-hydrochloride buffer was applied and 3.5 ml fractions were collected.
Analytical methods
The concentrations of substituted phenoxyacetic acids and phenols were determined by high pressure liquid chromatography with M-660 solvent programmer and WISP 710 autosampler (Waters Association Inc., Milford, MA, USA) at 210 nm (detector SF 770, Schoeffel) with column SC 125/ a Cells were harvested during exponential growth. The decrease of substrate concentration was followed by high pressure liquid chromatography. Rates are expressed as percentages of that for 2,4-dichlorophenoxyacetic acid (= 100%). The specific activities, given in micromoles substrate per minute per gram protein, appear in parentheses
Lichrospher 5 gm (Bischof0 in a solvent system containing 1 g of H3PO4 and 4 0 0 -600 ml of methanol per liter of H20.
Samples of culture fluid ( 2 -1 0 pl) were injected after cells had been removed by centrifugation. Chloride ion concentration was measured with an ion selective combination electrode (model 96/17, Orion Research Inc., Cambridge, MA, USA) which was calibrated with NaC1 (0.1-50 mM) in mineral medium before each measurement.
Chemicals
2,4-Dichloro-, 4-chloro-2-methyl-and 4-chlorophenoxyacetic acid, 2-methylphenol, 3-methylcatechol and 4-methylcatechol were obtained from Aldrich Chemie, Steinheim, FRG, 2-methyl-, 4-methyl-, 2-chloro-and 2,4-dimethylphenoxyacetic acid from Ventron, Karlsruhe, FRG. Phenoxyacetic acid was purchased from Fluka AG, Buchs, Switzerland. 4-Chloro-2-methylphenol and catechol were purchased form Merck AG, Darmstadt, FRG. 3-Chloro-and 4-chlorocatechol were prepared as previously described (Schreiber et al. 1980 ) and 3,5-dichlorocatechol was prepared as described by Dorn and Knackmuss (1978 b) . 2-Chloro-4-methylphenoxyacetic acid was prepared from 2-chloro-4-methylphenol by the method of Winnacker and Kfichler (1972) . 2-Chloro-4-methylphenol was supplied by Bayer AG, Leverkusen, FRG. 5-Chloro-3-methylcatechol was a generous gift from Juha Knuutinen, University of Jyv/iskylfi, Finland. cis,cis-Muconate and 2-chloro-cis,cismuconate were prepared as described by , and trans-4-carboxymethylenebut-2-en-4-olide and maleylacetate as described by .
Results
Growth on phenoxyacetic acids
Strain Alcaligenes eutrophus JMP 134 was tested for growth on solid medium, containing phenoxyacetic acid (PA), 2-methyl-(2MPA), 4-methyl-, 2-chloro-, 4-chloro-, 4-chloro-2-methyl (MCPA), 2-chloro-4-methyl-, 2,4-dimethyl-, 2,3-dichloro-, 2,4-dichloro-(2,4-D) or 3,4-dichlorophenoxyacetic acid. Uniform growth after 5 days of incubation was observed with 2,4-D, MCPA and 2MPA. Also growth in liquid culture was observed with these compounds as sole source of carbon and energy. Substrate concentrations higher than 5 mM inhibited growth on 2,4-D and MCPA.
At substrate concentrations of 5 mM the same growth rate was observed for 2,4-D and 2MPA (# = 0.17-0.18 h -1) whereas the organism grew considerably slower with MCPA (# = 0.07 h -1). Corresponding to the amount of substrate consumed, quantitative elimination of chloride was found in cultures growing on 2,4-D or MCPA. The molar growth yield was considerably higher with 2MPA (66 g/mol) than with 2,4-D (32.4 g/tool) or MCPA (31.2 g/tool).
Initial degradation steps
No information was available if different enzymes were responsible for the initial attack and further catabolism of differently substituted phenoxyacetic acids by Alealigenes eutrophus JMP 134. Because the initial enzyme proved to be unstable in cell extracts, experiments were carried out with whole cells. Disappearance of phenoxyacetic acids was monitored by HPLC. The relative rates of conversion of 2,4-D/MCPA/2MPA/PA remained constant regardless of which phenoxyacetic acid had been used as growth substrate (Table 1) . Therefore a single enzyme (designated as 2,4-D monooxygenase) appears to be responsible for the initial conversion of these compounds.
HPLC analysis revealed that 2,4-D-grown cells accumulated 2-methylphenol when incubated with 2MPA, while 2MPA-grown cells accumulated 2,4-dichlorophenol when incubated with 2,4-D. These metabolites were identified by cochromatography with the authentic compounds.
The different accumulation pattern of the phenols by differently induced cells suggests the presence of different phenolhydroxylases. Comparison of relative O2-consumption rates for different substituted phenols by 2,4-D-, MCPA-and 2MPA-grown cells also showed significant differences (Table 2) . 2,4-D-and MCPA-grown cells clearly revealed the highest activity against 2,4-dichlorophenol. Activity was found also against phenol. This activity was about four times higher than that found against 2-and 4-methylphenol. 2,4-D-grown cells harvested during early stationary growth phase showed the same activity against 2,4-dichlorophenol as cells harvested during exponential growth phase. These, however, exhibited no activity against phenol, 2-and 4-methylphenol. In contrast, 2MPA-grown cells showed equal activities against phenol and 2-and 4-methylphenol, while the activity against 2,4-dichlorophenol was significantly lower.
Cleavage of catechols
Because strain JMP 134 can synthesize ortho-and metacleavage enzymes, enzyme activities synthesized after growth a Cells were harvested during exponential growth phase. Enzyme activitiesof 2,4-D monooxygenase were determined with whole cells. Decrease of substrate concentration was followed by high pressure liquid chromatography. Phenol hydroxylation activities were also determined with whole cells. The specific oxygen uptake with phenols was divided by two, to get comparable activities. All other activities were determined by photometric tests using cell extracts b 3,5-Dichlorocatechol was cleaved by partially purified catechol 1,2-dioxygenase of the type II and the accumulating product was used as assay substrate as described in the Materials and methods section. This product is not yet clearly identified as 2,4-dichloro-cis,cis-muconate on 2,4-D, M C P A and 2 M P A were compared. While 2MPA-grown ceils had high activities of enzymes of a meta-cleavage pathway (Table 3) , this pathway was not induced in 2,4-Dor M C P A -g r o w n cells. Ortho-cleavage activity with catechol as well as with 3-chlorocatechol was found in all three cell extracts. A n elution profile from a DEAE-cellulose column of a cell extract prepared from 2,4-D-grown cells showed two separate peaks of catechol 1,2-dioxygenase (C120) activity. The fractions of the first peak, eluted at 0.22 M NaC1, exhibited high activity against catechol and 3-chlorocatechol whereas fractions of the second peak, eluted at 0.23 M NaC1, exhibited high activity against catechol only. Activities were also determined in pools of fractions from the flanks of the peaks to avoid contaminations by the respective isoenzymes. By measurements of the activity against catechol, both pools showed different stabilities under diverse storage temperatures (data not shown). Since the first pool showed constant relative activites against catechol/3-chlorocatechol/3,5-dichlorocatechol under different storage conditions, it can be designated as a pure preparation of a C120 Type II (Dorn and Knackmuss 1978 a) . The second pool, preparation of a C120 type I enzyme showed impurities of its isoenzyme. The amount of impurity due to C120 II after storage for 6 days The kinetic constants were determined by use of double reciprocal plots [1/(S) against 1/v]. All solutions were satured with air at 25 ~ C. Maximum velocities are given as percentages with respect to the reaction with catechol (= 100%) b ND = not determined at -16~ was estimated to be less than 0.5%. Apparent Km values and maximum ring cleavage velocities (Vmax) of catechols for the two catechol 1,2-dioxygenases are summarized in Table 4 . The ratio of maximum velocities of 1,2-dioxygenation of 3-chlorocatechol/catechol by C120 II was 1.24. A lower ratio points to additional induction of C120 1 as can be seen in cell extracts of 2,4-D, MCPA-and 2MPA-grown cells (ratios of 0.61,0.40 and 0.5, respectively). About 50%, 35% and 40% respectively of the activities found against catechol were due to induction of C120 II. Pseudomonas sp. BI3 to chlorosubstituted 4-carboxymethylbut-2-en-4-olides, spontaneous elimination of chloride leading to formation of 4-carboxymethylenebut-2-en-4-olide which is further converted to maleylacetate by a 4-carboxymethylenebut-2-en-4-olide hydrolase . Due to unavailability of chlorosubstituted 4-carboxymethylenebut-2-en-4-olide, the corresponding product of 2,4-diehloromuconate cycloisomerisation, trans-4-carboxymethylenebut-2-en-4-olide was used as test substrate. As shown in Table 4 , activites for this substrate and for maleylacete were induced in 2,4-D-, MCPA-and also 2MPA-grown cells. Only low activities of hydroxylase with different ratios of activities against phenol and methylphenols; 5 catechol 1,2-dioxygenase II; 6 catechol 1,2-dioxygenase I; 7 catechol 2,3-dioxygenase; 8 specialized cis,cismuconate cycloisomerase; 9 4-carboxymethylenebut-2-en-4-olide hydrolase; 10 maleylacetate reductase 4-carboxymethylbut-3-en-4-olide hydrolase, an enzyme of the 3-oxoadipate-pathway, were induced in these cells.
Degradation of muconates
Discussion
The present results demonstrate, that 2-methylphenoxyacetic acid (2MPA) is also a growth substrate for the 2,4-dichlorophenoxyacetic acid (2,4-D) and 4-chloro-2-methylphenoxyacetic acid (MCPA) degrading Alcaligenes eutrophus JMP 134. The first catabolic step, cleavage of the ether bond to produce the respective phenols ( Fig. 1) , is apparently mediated by a single enzyme, probable a monooxygenase as described by and Gamar and Gaunt (1971) . An initial ring hydroxylation or reductive elimination of chloride can be excluded. The 2,4-D monooxygenase of strain JMP 134 has a wide substrate specifity, phenoxyacetic acid (PA) and 2MPA as well as 2,4-D and MCPA being converted at high rates. Clearly different enzymes acting on phenols (Table 2 ) were synthesized by strain JMP 134 during growth with different phenoxyacetic acids. 2,4-D grown cells from the early stationary growth phase exhibited high activity against 2,4-dichloro-and 4-chloro-2-methylphenol but not against phenol and 2-and 4-methylphenol. This indicates induction of the pJP4-encoded chlorophenol hydroxylase which had been purified by Liu and Chapman (1984) . During exponential growth, additional activities against phenol, 2-and 4-methylphenol were induced, in 2,4-D-and MCPAgrown cells in a ratio of 4:1 : 1, in 2MPA-grown cells in a ratio of approximately 1 : 1 : 1. These results indicate that, in addition to the described chlorophenol hydroxylase, two further phenol hydroxylating enzymes can be induced by JMP 134.
It is probable that the three phenol hydroxylases which can be synthesized by JMP 134, differ only in substrate specifity and that in each case the corresponding catechols are the products (Fig. 1) . This has been shown for the chlorophenol hydroxylase by Liu and Chapman (1984) . A second phenol hydroxylating activity, found in 2,4-D-and MCPA-grown cells (Table 2) showed high activity against phenol and is therefore assumed to be a ring-hydroxylating activity. Also a side chain attack by the third phenol hydroxylase of JMP 134, which exhibits high activity against 2-methylphenol seems unlikely. Hydroxylases attacking the side chain of methylphenols which have been described, either attack methylgroups in meta-position to the hydroxylgroup (Hopper and Chapman 1971; Hopper and Taylor 1975; Keat and Hopper 1978) or specifically attacks the para-methylgroup of 4-methylsubstituted phenols (Keat and Hopper 1978; McIntire et al. 1985) .
Three different enzymes acting upon catechols are inducible in JMP 134, two catechol 1,2-dioxygenases and one catechol 2,3-dioxygenase (Tables 3 and 4) . Only orthocleavage activites were found in 2,4-D-and MCPA-grown cells of A. eutrophus JMP 134 (Fig. 1 ). This shows a strict regulation which prevents a misrouting of the chlorocatechols by induction of the meta-cleavage pathway, which for different reasons has been described to be unproductive for the degradation of chlorosubstituted catechols (Horvath 1970; Klecka and Gibson 1981; Surovtseva and Volnova 1981; Kaminski et al. 1983; Bartels et al. 1984) . A similar strict regulation has been described only by Kilpi et al. (1983) . In contrast, Reineke et al. (1982) showed that the loss of expression of C230 is obligatory for growth of Pseudomonas WR 211 on 4-chlorobenzoate. In this strain, 4-chlorobenzoate is totally channeled into the unproductive meta-pathway. A mutation in the structural gene of C230 prevents this misrouting in the derivative strain WR 216 . Latorre et al. (1984) and Rubio et al. (1986) showed a similar incompatibility of ortho-and metacleavage pathway in the same species.
2MPA-grown cells showed induction of both ortho-and recta-cleavage enzymes (Fig. 1) . The degradation of this substrate via 3-methylcatechol and the well known metacleavage Murray et al. 1972; Dagley 1978) was not further investigated. It is currently studied, what proportion of 3-methylcatechol produced from 2MPA is channeled into the ortho-cleavage pathway and whether like 4-methylcatechol (Pieper et al. 1985) , it can productively be metabolized via this route.
Two catechol 1,2-dioxygenases were induced in 2,4-D-, MCPA-and 2MPA-grown cells of JMP 134. Whereas isoenzyme II exhibited high activity against catechol and also chlorosubstituted catechols (Table 4) , isoenzyme I exhibited high activity against catechol only, indicating a type of catechol 1,2-dioxygenase known from the classical 3-oxoadipate pathway. A similar situation of induction of two catechol 1,2-dioxygenases after growth of bacterial strains on chloroaromatics has been described by Dorn and Knackmuss (1978a) and Reineke and Knackmuss (1980) , but also the induction of only one catechol 1,2-dioxygenase with broad substrate specifity has been reported . Due to the fact that chlorophenol hydroxylase of strain JMP 134, as shown by Liu and Chapman (1984) , was highly specific against chlorophenols and exhibited no activity against unsubstituted phenol, we investigated if further enzymes, highly specific for chlorosubstituted substrates, were synthesized by strain JMP 134. Purification of catechol 1,2-dioxygenase active against chlorocatech01s has already been carried out with bacterial species isolated on monochloroaromatics such as 3-chlorobenzoate and chlorobenzene . The enzyme of Alcaligenes eutrophus JMP 134, however, was found to be specialized to 3,5-dichlorocatechol as substrate, which is converted faster than the monochlorosubstituted compounds. Also Kilpi et al. (1983) observed a significantly higher activity against 3,5-dichlorocatechol than against 3-chlorocatechol in cell extracts of a pseudomonad isolated on 2,4-D.
Investigations on muconate cycloisomerizing enzymes in chloroaromatic-degrading bacterial species have been reported by and Hartmann et al. (1979) . Using purified enzymes, showed that the 3-chlorobenzoate degrading Pseudomonas sp. B13 induces a muconate cycloisomerase type I with high activity only against muconate when grown on benzoate, while a muconate cycloisomerase type II with high activity against muconate and also against 2-and 3-chloromuconate is formed when grown on 3-chlorobenzoate. Independent of the substitution of the benzoates used as growth substrates by Hartmann et al. (1979) , the authors found a considerably higher activity against 2-chloromuconate than against muconate. Since the authors investigated muconate cycloisomerizing activities only in cell extracts, it is not known if these activities are due to induction of only one cycloisomerase.
The muconate cycloisomerase induced by 2,4-D-grown cells of Alcaligenes eutrophus JMP 134 is highly specific. 2-Chloromuconate and muconate were converted only at low rates, whereas high activities were found against 3-chloromuconate and against the ring-cleavage product of 3,5-dichlorocatechol.
Products of cycloisomerisation of 2-chloromuconate and 3-chloromuconate by Pseudomonas sp. B13 have been identified by as trans-and cis-4-carboxymethylenebut-2-en-4-olide, respectively. Chloto-substituted 4-carboxymethylbut-2-en-4-olides, which spontaneously eliminate chloride, were assumed to be the reaction products. Both cis-and trans-4-carboxymethylenebut-2-en-4-olide were converted to maleylacetate by the action of 4-carboxymethylenebut-2-en-4-olide hydrolase (dienelactone hydrolase) . The fate of 2,4-dichloro-and 4-chloro-2-methylmuconate has not been as thoroughly examined. Bollag et al. (1968b) , , Evans et al. (1971b) and Sharpee et al. (1973) reported 2-chloro-4-carboxymethylenebut-2-en-4-olide to be a metabolite in the degradation of 2,4-D. G a u n t and Evans (1971b) reported 2-methyl-4-carboxymethylenebut-2-en-4-olide as a metabolite in the degradation of MCPA. High activities against 4-carboxymethylenebut-2-en-4-olide in 2,4-D-and 4-carboxymethylenebut-3-en-4-olide supports the assumption of the degradation of 2,4-D and M C P A via dienelactones as metabolites (Fig. 1) .
Alcaligenes eutrophus JMP 134 is an unusual bacterium in that it harbours several sets of enzymes catabolizing differently substituted phenols and catechols. These are properly regulated in order to avoid misrouting of chlorocatechols into the unproductive recta-cleavage pathway. The second outstanding feature of this organism is its capability to assimilate at least 4-methylcatechol via an ortho-cleavage pathway (Pieper et al. 1985) . Since the organism also harbours an efficient meta-cleavage pathway, both catechol 1,2-and catechol 2,3-activities become induced if confronted to mixtures of chloro-and methylaromatics (Pieper 1986) . Because this may become a serious problem in industrial sewage treatment systems, simultaneous metabolism of methyl-and chloroaromatics is currently investigated.
